Design and Simulation of a High Precision Drug Delivery System  by R.Lopez-Salazar,  et al.
 Procedia Technology  3 ( 2012 )  334 – 341 
2212-0173 © 2012 Published by Elsevier Ltd.
doi:10.1016/j.protcy.2012.03.036
The 2012 Iberoamerican Conference on Electronics Engineering and Computer Science 
Design and Simulation of a High Precision Drug Delivery System 
R.Lopez-Salazara*,S. Camacho-Leona, L. Olivares-Quirozb,J. Hernandezac 
aDeparment of Electrical and Computer Engineering, Tecnológico de Monterrey (ITESM) Avenida Eugenio Garza Sada 2051  Sur, Monterrey 
Nuevo León,64849,México 
bUniversidad Autonoma de la Ciudad de México Campus Cuahutepec, Avenida la Corona 320, Ciudad de México, Distrito Federal, 07160, 
México 
cMedicine School  Ignacion Santos, Tecnologico de Monterrey (ITESM) Avenida Eugenio Garza Sada 2051 Sur, Monterrey, Nuevo Leon 64849, 
Mexico 
Abstract 
This work describes the design and simulation using Computational Fluid Dynamics (CFD) of a High Precision Drug Delivery 
System which is part of a bionic pancreas. The system interacts in a dynamic and intelligent way with other subsystems of the 
device, which includes a non-invasive monitor of glucose and the control algorithm for the entire system. 
P-MEM Microfabrication technology brings the opportunity to construct these devices in the scale of micrometers, in order to 
have a device with high portability, low power consumption, reliability and low cost. 
The system has the potential to deliver highly controlled doses of insulin and glucagon in order to achieve a high level of 
personalization of the therapy. This paper will discuss the design parameters of the device, velocity, pressure and dimensions. 
Velocity determines the possibility to create monodisperse microdroplets, and pressure the validity of the microfabrication 
process. 
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1. Introduction 
     Diabetes Mellitus is a metabolic disorder in which the body is unable to regulate the levels of blood glucose due 
to defects in insulin secretion or actions leading to disturbances in the metabolism of carbohydrates and proteins[1]. 
This chronic disease is expected to grow in 50% from 2006 to 2025, which would represent the 7.3% of global 
population [2]. This disease is the first cause of death in Mexico [3].   
     The continuous therapy for glycemic control, reduce significantly the complications associate with diabetes. 
Actual systems in the market use only one hormone which affects the effective glucose regulation and in some cases 
producing other complications such as hypoglycemia. The use of two or more hormones (insulin and glucagon) 
enables the possibility to regulate high glucose or low glucose situations. 
     A close loop control device is required for an effective treatment, desired characteristics includes high portability, 
low energy consumption, reliability and low cost.  
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There are several subsystems necessary for the correct function of the device; the non-invasive continuous monitor 
used for sensing the level of -glucose concentration in blood, the actuation element which delivers highly controlled 
doses of the hormones and an adaptive control algorithm. All these subsystems communicate with each other in 
order to ensure the correct and intelligent function of the entire system. 
    One of the major challenges of the device is to ensure enough precision in order to achieve the personalization 
required by the patients.  There are some important concepts in similar devices associated with the objective and 
quantity of the dose. Bolus rate is used when patients ingest food and when make exercise, basal rate is the 
necessary quantity of the hormone for the body along the day, and the minimum basal increment ensures precision 
of the device. Last variable is vital; if the minimum step is not close enough of the required dose by the patient a 
deficiency or overdose of the hormone causing hyperglycemia or hypoglycemia could take place (figure 1). 
 
Figure 1. The minimum step is possible to be reduced in order to achieve the desired value. 
 
The primary goal is to produce monodisperse microdroplets in a controlled manner in order to ensure the required 
precision. 
Proposed technique as solution is the shear-flow driven microdroplet, where a shearing force of one flowing fluid 
against another is used to form droplets. There are two main types of shear-flow driven droplet generation:  T-
Junction and Flow Focusing. 
In T-Junction droplet generation, fluid droplets are generated by the shearing of a droplet liquid flow by a carrier 
liquid flow at a channel intersection[4]. Figure 2 present simulations of this technique. 
 In Flow focusing, a stream of liquid is sheared into droplets by surrounding carrier fluid liquid flow. 
Specifically, two carrier liquid flows are designed to surround a droplet liquid flow. As the three flows meet and 
move through orifice, the carrier fluids force the droplet fluid into narrow stream; that will break into droplets 
downstream. This process can be improved by reducing the area of the converging flows [5]. 
The minimum microdroplet diameter size of the T-Junction technique is 100µm, if we consider a perfect sphere 
shape in the droplet, the volume would be 0.5 nL; in the other hand flow focusing technique minimum diameter is 
50µm, giving a volume for each microdroplet of 0.07 nL[6].  Volume is greatly reduced by halving the diameter 
size.  
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Figure 2. T-Junction microdroplet generation COMSOL ®  
 
2. Design 
     Presented design seeks the miniaturization of a device capable of generating monodisperse microdroplets in 
liquid-liquid, with rates in order of 250 nL/hour. It aims to demonstrate that the MEMS technology has the capacity 
to create monodisperse microdroplets, ensuring the conditions of operation while taking in consideration the 
limitations of the microfabrication process. 
     More precisely, the Plastic MEMS Microfabrication (PMEMS) process was used to generate this design. 
PMEMS has been developed for microfluidics and bioMEMS applications, fabrication process mainly uses parylene 
to form the channels and SU-8 to planarize the surface for external tube coupling. This is a low temperature process 
(maximum temperature of 90 °C) and can use any substrate, including plastic, glass and silicon. Therefore, it is 
CMOS compatible and can be used to integrate microfluidics with CMOS. Furthermore, by using plastic substrate, 
cheap and disposable microfluidic devices can be fabricated. Parylene is biocompatible and chemical inert and has a 
low Young modulus. It is important to point that the pressure inside the reservoirs and microchannel need to be 
below one atmosphere in order to achieve functionality, because the adherence parylene-parylene. 
    A 430 µm by 100 µm microdroplet was designed, modeled using CoventorWare® [8]. 
 
 
 
Figure 3 a) Lateral view of the microdroplet generator; b) Cross Sectional View 
 
 
    Fabrication process is described. First, a substrate of glass was deposited, can also be accomplish using silicon or 
plastic, in beta run is recommended to use glass and secondly a 6 µm thick layer Parylene-C is deposited using 
Chemical Vapor Deposition (CVD) in order to create a coating in the substrate. The next step consists on forming 
the electrodes, the thickness of this layer is 0.5 μm; in the upper view it’s possible to see the electrodes in the level 
of microchannel. Then, is necessary to pattern a sacrificial photoresist to form microchannels; this layer thickness is 
10 µm and support the walls and ceiling. A 3 µm thickness of parylene-C is deposited using (CVD), and some 
denoted release holes are made, to expose the sacrificial photoresist to acetone in order to remove it. Finally a 
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second layer of parylene-C is used to seal the release holes. Then a Titanium mask is made to create the access holes 
to reservoirs and the electrodes, covering the parts of parylene-C that are not supposed to be removed. To planarize 
the reservoir a SU-8 is patterned with 75 µm thick. After SU-8 is patterned, the substrate is put into a reactive ion 
etcher with oxygen plasma to etch trough the parylene layers exposed through SU-8 and Ti layers. At this step, 
reservoir and electrode pad openings are formed. Oxygen plasma etch also etches a few microns of the 75 µm thick 
SU-8 and roughens its surface. 
    As shown in figure 3 this microdroplet generator consist in two reservoirs connected by a channel. In the middle 
there are two gold electrodes in the inside edge of the channel (figure 4), these elements are intended to be actuators 
in order to reduce the area dimensions of microchannel controlling the microdroplet generation trough electrostatic 
attraction. 
   For each reservoir, exist a SU-8 connector port, one is the inlet and another outlet.  
 
 
Figure 4 Top View of microdroplet generator, it’s possible to appreciate the gold electrodes. 
3. Simulation 
3.1. Calculations 
Velocity in the inlet is calculated based on the flow necessary to move 250 nL/hr. Certain considerations such as 
left side wall area denoted as the inlet and right side wall area as the outlet, are used to simplify the analysis. The 
area of this wall is , the velocity result is 0.075 m/s, moving from inlet to outlet. 
3.2. Analysis 
     Simulation of microchannel geometry was performed in COMSOL ® Multiphysics [9]. 
This numerical simulation objective is to verify the validity of a simple model of velocity on a microfluidics 
environment, and if the generated pressure is in the range determined by microfabrication process. The test was 
performed in the reservoirs and microchannel.  Density of the fluid used in the simulation is 1000 kg/m2, density of 
water is used for simplicity. Used variables are in the table 1. 
Table 1. Variables used in the simulation. 
Variable Value 
Inlet velocity 0.075 m/s 
Density 1000 kg/  
Area of the smaller part of channel 1  
 
    Using a simple calculation of flux conservation, the estimated velocity in the smaller part of channel is 
 
                            (1) 
 
                             (2) 
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    The fluid in the simulation is governed by the Navier-Stoke equations. 
 
                      (3) 
 
 
 
                        (4) 
 
3.3. Results 
Velocity map is illustrated in figure 5, as expected there is an increase where the transversal area reaches its 
minimum. Maximum velocity being 1.37 m/s, and velocity in the slices away from the center have a velocity close 
to the inlet velocity. Streamlines get together in the constriction, provoking a non-uniform velocity distribution. 
Pressure, also as expected, is greater in the inlet and gradually reduced as it moves towards the outlet. 
Figure 5 Distribution of velocities, note the parabolic distribution in the constriction. 
Figure 6 Streamlines of velocities. There is a concentration in the constriction. 
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Figure 7 Pressure map, the maximum pressure would not over 8.240 KPa 
3.4. Discussion 
The flow focusing technique demand the use of two fluids, the ratio of flow between the outer fluid and the inner 
fluid would determine the size of the droplet [10]. 
 
 
                
           (5) 
 
 
Where QOF is the flow of the outer fluid, QIF the inner flow, C is determined by the properties of the used fluid. 
 
The first approach to the problem is to validate the device according to the limitations derived from the 
microfabrication process. In the present work just one fluid is used; designing for the extreme case in which the flow 
of the outer fluid is equal to zero, in order to evaluate the pressure across the device, the maximum rate of the flow 
need to be 250 nL/hr according to the design specifications. 
While comparing the velocity in the constriction with the simple model, same order of magnitude can be 
observed; however it is two times higher in the simulation. As demonstrated, the velocity distribution in the 
microchannel is not uniform, being this variable much higher in the center of the model as can be seen in the plot of 
streamlines. 
Differences between simulation and simple calculation take place because constant field of velocities was 
considered in the slice of minimum area, while the COMSOL multiphysics uses the Navier-Stokes equations that 
consider other factors like viscosity and the geometry of the microchannel that produce the concentration of the 
streamlines, creating a parabolic profile. 
This parabolic profile is described by the Poiseuille equation. Using the pressure data from the simulation and 
considering the dimensions of the channel shown in table 2, a more precise calculus of the maximum velocity of 
such profile can be achieved. 
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Table 2. Variables of used in Poiseuille equation. 
 

Variable 
Value 
Η 
 
Density 
Radio 
Channel length 
1000 kg/  
5 µm 
10µm 
Area of the smaller part of channel 1  
Pressure at beginning of microchannel 5000 Pa 
Pressure at the end of microchannel 3000 Pa 
 
 
        (6) 
  
The maximum velocity calculation using this model is more accurate, in comparison with the first simple model. 
 
One important parameter for design is pressure; which is limited by the PMEMS microfabrication process, where 
is known that the parylene to parylene adhesion don’t withstand high pressures associated with many micro-fluidic 
applications. In order to avoid such complication, pressure needs to be below 1 atm or 100kPa. 
 
The pressure generated by the inlet and the movement of the liquid trough the microchannel, would not be over 
8.240 KPa in the walls. Pressure would be suitable for the microfabrication process if we consider the maximum rate 
of fluid trough the device of  250 nL/hr. 
 
4. Conclusions 
     The device proposed in the present work developed thought the microfabrication process of P-MEMS is capable 
of manage the velocity and the pressure required to achieve the design specifications. Moreover the interactions of 
the fluid are govern by equations in which the viscosity has an important role in the final behavior of fluid, revealing 
the importance of this variable for the dimensions and geometry of the device. The next step is to validate the device 
for the two liquids used in the flow focusing, the carrier liquid and the interest liquid, interacting in the constrictions 
and the development of a simulation of the mechanical behavior of the structure coupled with the electrostatic 
interactions of the electrodes when in constriction. 
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